S-antigen (arrestin) is a soluble 48 KD protein of the retinal photoreceptor cells. It has been found to have a function in regulation of the phototransduction cascade. F'revious labeling experiments with anti-S-antigen (SAg) antibodies have yielded conflicting reports as to the presence of SAg in cone photoreceptor cells. In the present study we employed five monoclonal anti-SAg antibodies (MAb) directed against Merent known domains in the SAg molecule. MAb A9C6, D9F2, and ClOClO are directed against sequences in the carboxy halfof the SAg molecule. MAb 5C6.47 and F4C1 are directed against the amino terminal. Immunoelectron microscopy was used in the localization of SAg in LR Goldembedded baboon retinas. Greenlred and blue cones were Supported in part by NIH grants EY-845 and EY-6892. 7703 Floyd Curl Dr, San Antonio, TX 78284.
Introduction
S-antigen (SAg) is a soluble protein of the retina which was shown to be involved in the pathogenesis of experimental allergic uveitis (Wacker et al., 1977) . The complete amino acid sequence of SAg was first determined for the protein from the rod-dominant bovine retina (Shinohara et al., 1987) . SAg, a 48 KD protein, was found to participate in the phototransduction cascade in the retinal photoreceptor cells (Kiihn et al., 1984) . The cascade is initiated by the absorption of light by the photopigments (opsins), followed by binding of a photoreceptor-specific G-protein, transducin. This results in the activation of a phosphodiesterase, leading to lowering of levels of cGMP and subsequent changes in the conductance of the photoreceptor plasma membrane. In the dark, deactivation is achieved by phosphorylation of opsin and binding of SAg to the phosphorylated opsin. This binding interferes with the association of transducin with opsin (Stryer, 1986) . In view of the possible role of SAg in arresting the phototransduction cascade, the protein is sometimes called arrestin.
In the retina, rods and cones function at different light intensi-ties. Rods are sensitive to dim light, whereas cones are effective in bright light (Baylor, 1987) . Therefore, although similar components of the phototransduction cascade are presumed to be present in rods and cones, the differences in light sensitivity might be a result of the differences in the molecular nature of these components. Indeed, Nathans et al. (1986) showed that in the human retina the opsin molecules in cones are different from those in rods. Coneand rod-specific a-transducin (Lerea et al., 1986 ) and phosphodiesterase (Hurwitz et al., 1985) were also identified. No evidence has yet been presented for the existence of rodand cone-specific SAg genes, nor were different SAg isolated from rods and cones. In different immunocytochemical studies, conflicting data were presented as to the labeling with anti-SAg antibodies of rods and cones in the mammalian retina. Bovine SAg was the most widely used immunogen in the production of antibodies that were employed in these studies. In several studies, anti-SAg antibodies labeled only rods. Anti-bovine SAg polyclonal antibodies labeled rods in the rat retina and in the cone-rich retina of the squirrel and the monkey (Broekuyse and Winkenes, 1985) . Anti-bovine SAg polyclonal antibodies labeled only rods in the human retina (McKechnie et al., 1986) . Rat MAb against bovine SAg labeled rods in human and pig retinas, whereas cones were labeled at background levels (Reid et al., 1987) . Anti-SAg polyclonal and monoclonal antibodies labeled rods in the monkey retina, whereas cones were labeled only slightly above back-ground (Rodrigues et al., 1987) . In other studies, anti-SAg antibodies labeled both rods and cones. Monoclonal and polyclonal antibodies labeled both rods and cones in human, cat, ox, rat, mouse, guinea pig, and rabbit retinas (Mirshahi et al., 1985) . In studies of the cone-rich tree shrew retina, in which individual rods and cones can be readily identified, anti-bovine SAg was shown to label rods and a subclass of blue cones (Muller et al., 1989) .
In the present study the localization of SAg was investigated in the primate (baboon) duplex retina, which contains both rods and cones. We employed five mouse monoclonal antibodies (MAb) directed against defined epitopes on the bovine SAg, between the amino and the carboxy terminals of the molecule (Donoso et al., 1990; Gregerson et al., 1989;  Knospe et al., 1988) . In addition to the MAb, a polyclonal rabbit anti-bovine SAg (Korf et al., 1985) was also analyzed. Greenlred and blue cones were positively identified by use of cone-specific MAb, COS-1 and OS-2, which label greedred and blue cones, respectively, in various species including primates .
The immunocytochemical experiments showed labeling of rods in the baboon retina with all the anti-SAg antibodies under study. Distinct differences were found, however, in the labeling of blue and greedred cones with the various antibodies. These observations suggest that different SAg molecules might be present in rods, blue cones, and greenlred cones.
Materials and Methods
Tissue Preparation. Baboons were kept under natural light conditions at the Southwest Foundation for Medical Research. Retinas were obtained during necropsy of animals that were used as controls in various experiments. The animals were light adapted and were sacrificed by an overdose of barbiturates. After enucleation, the anterior eye cups and lenses were removed and the posterior eye cups were fixed in 4% formaldehyde and 1% glutaraldehyde in 0.1 M phosphate buffer, pH 7.0, for 1 hr at room temp. After fixation the retina and the attached pigment epithelium were separated from the sclera and cut into small tissue strips, which were embedded in LR Gold resin (Polysciences; Warrington, PA) at 4% (Nir et al., 1989) .
Antibodies.
Immunocytochemical labeling experiments were carried out with five anti-bovine SAg MAb. The designation of the MAb and their specific epitopes on the bovine SAg molecule are detailed in Figure 1 by Dr. L. Smith-Lang (Alcon Laboratories Inc., Ft Worth, TX). Localization of a rabbit anti-bovine SAg polyclonal antibody (Korf et al., 19SS) , was also studied. The antibody was kindly provided by Dr. I. Gery (National Eye Institute, Bethesda, MD). Different types of cones with absorbance in the short wave range (blue). or the medium-to longwave range (green and red) were identified by means of specific monoclonal antibodies . Blue cones were labeled with MAb OS-2 and greedred cones were labeled with MAb COS-1. The anti-cone antibodies were kindly provided by Dr. P. Rohlich (Department of Anatomy, Semmelweis University of Medicine, Budapest, Hungary).
Labeling Procedures. Thin sections were labeled in either two-or threestage reactions. In the two-stage reaction, the mouse MAb were visualized with goat anti-mouse IgG conjugated to 10-nm gold particles (Amersham; Arlington Heights, IL) at 1:5 dilution. In the three-stage reaction, the primary mouse MAb were followed with rabbit anti-mouse IgG (0.1 mg/ml), then with goat anti-rabbit IgG conjugated to 10-nm gold (1:5 dilution).
To determine unequivocally the labeling of blue and greenlred cones by the different anti-SAg antibodies, serial sections were used for localization of MAb against cone pigments and SAg in the same cells. In this procedure, serial sections were collected on two grids. One grid was labeled with COS-1 (1:SOOO dilution) or OS-2 (1:10,000 dilution) and the following grid was labeled with one of the anti-SAg antibodies (A9C6. 1:20; 5C6.47, 1:lOO; D9F2, 1:lOOO; F4C1, 1:5000; ClOClO, 0.02 mglml). By electron microscopy it was possible to idenufy the same photoreceptors in the two grids and to determine the labeling pattern of different antibodies in the same photoreceptor. In control experiments the primary MAb were replaced with control mouse ascites (Cappel; Cochranville, PA) or mouse hybridoma culture medium that contained a mixture of IgGl , IgG2, and IgG3 against irrelevant antigens. The control labeling experiments showed very low levels of nonspecific binding of reagents.
In some experiments, double labeling of sections on the same grid with anti-cone and anti-SAg antibodies was carried out. Because of limitations imposed by crossreactivity of second-stage antibodies with primary antibodies, only the polyclonal rabbit anti-bovine SAgwas used with the mouse MAb COS-1 or OS-2. The grid was first labeled with MAb COS1 or OS-2, followed by goat anti-mouse IgG conjugated to 5-nm gold. The same grid was then labeled with rabbit anti-bovine SAg (0.05 mglml), followed by goat anti-rabbit IgG conjugated to 10-nm gold. In controls for the doublelabeling experiments, two alterations in the labeling were tested. In one set of controls the MAb COS-1 or OS-2 was replaced with control mouse ascites (Cappel) as described above. In another set of controls the rabbit anti-bovine SAg was replaced with normal rabbit IgG. In all of these controls the nonspecific binding of reagents was very low.
Results
The majority of the cones in the baboon retina were identified as greenlred by virtue of their labeling with MAb COS-1 (Figure 2 A small population of cones, and all of the rods, were unlabeled by this antibody. The few cones that were not labeled with COS-1 were identified as blue cones by labeling with OS-2. This observation is in accordance with the high ratio of green and red cones (87%) to blue cones (13%) in the baboon retina (Marc and Sperling, 1977) . Limited crossreactivity between OS-2 and rods was observed, particularly at a high concentration of the antibody. COS4 did not show significant crossreactivity with rods. Labeling with the anticone antibodies was restricted to the outer segment discs and plasma membranes.
The anti-SAg antibodies that were employed in the present study labeled only the photoreceptor cell layer. Rod cells in the photoreceptor layer were labeled by the five MAb and the polyclonal antibody. In the light-adapted baboons, most of the SAg was found in the outer segments. This observation is in accordance with the reported accumulation of arrestin in rod outer segments of lightadapted animals (Whelan and McGinnis, 1989; Philp et al., 1987) . Cone labeling by the anti-SAg was varied and was dependent on the specificity of the anti-SAg antibody. MAb A9C6 did not label the majority of the cones, which are COS-1 positive (greenlred), but it did label the small number of blue cones, which are OS-2 positive. The differential labeling of the two cone types with A9C6 was established by labeling of sequential serial sections on different grids with either an anti-cone antibody or MAb A9C6 (Figures  3 and 4) .
The labeling pattern with MAb ClOClO was similar to that of A9C6, as the COS-1-positive (greenlred) cones were not labeled with this antibody ( Figure 5) . A small population of OS-2-positive (blue) cones were labeled ( Figure 6 ). MAb 5C6.47, unlike MAb A9C6 and CloClo, labeled both greenlred and blue cones ( Figure  7) . As in rods, the SAg in cones, in the illuminated retinas, was localized mostly to the cone outer segments.
The polyclonal rabbit anti-bovine SAg labeled all cones, similar to the labeling pattern of MAb 5C6.47. The labeling of greenlred cones by the polyclonal antibody was established in experiments in which both the anti-cone and anti-SAg antibodies were applied to the same sections. This approach was possible because the two primary antibodies were prepared in different species. Bound COS-1 was visualized with 5-nm gold particles, while the bound anti-SAg was detected with 10-nm gold particles (Figure 8 ). The labeling , 3 Figure 3 . Serial sections were labeled with either MAb COS-1, specific for greenlred cones, or MAb A9C6, with an epitope in the carboxy terminal of the SAS molecule. (A) COS-1: a labeled greenlred cone outer segment (G) is seen next to a negative rod outer segment (R). The labeling density in the cone outer segment is very high, and although individual gold particles might be difficult to resolve because of low magnification of the image, the overall increase in outer segment density due to the presence of numerous gold particles is clearly evident. (E) A9C6: the same greenlred cone (G) on a serial section is not labeled, whereas patterns of MAb F4C1 and D9F2 resembled those of 5C6.47 and A9C6, respectively. The labeling patterns of all the anti-SAg under study are summarized in Table 1. are specific for amino acid residues 38-45 and 42-48, respectively, in a highly conserved region of the molecule close to the amino terminal. MAb D9F2 and A9C6 epitopes are located in the carboxy terminal between amino acid residues 360-368 and 376-386, respectively. MAb ClOClO epitope is some distance away from the carboxy terminal, but still in the carboxy half of the molecule in the region of amino acid residues 290-296 (Donoso et al., 1990; Gregerson et al., 1989; Knospe et al.. 1988; Donoso. personal communication) . Rods in the baboon retinas were labeled with all the
Discussion
Labeling of rods and cones in the baboon retinas was studied with five monoclonal antibodies that recognize epitopes in different regions of the SAg molecule (Figure 1 antibodies that were used in the present study. This observation is in agreement with previous immunochemical results that demonstrated crossreactivity of MAb SC6.47, ClOClO, and A9C6 with retinas of different species, including human (Gregerson et al., 1989) . The labeling density of rods varied among the different antibodies. These differences might reflect different affinities of the antibodies to the respective domains. The structural characteristics of the epitope might also affect labeling densities. For example, MAb 5C6.47 binds to an epitope not strongly predicted to be on the surface of the SAg molecule, and MAb ClOClO exhibits a preference for denatured antigens (Gregerson et al., 1989) .
MAb COS-1 was shown to recognize both green and red cones in the primate retina . This observation could be explained by the high degree of homology between the two pigments in the human retina (Nathans et al., 1986) . MAb OS-2 densely labeled blue cones, but the antibody showed also some crossreactivity with rods. The low-affinity binding to rods might be due to sequence similarities between opsins of rods and blue cones. MAb 5C6.47 and F4C1, specific for epitopes at the amino terminal of the SAg molecule, labeled both greedred and blue cones in the baboon retina. The binding of these MAb to all rods and cones, both greedred and blue, indicates the conservation of the respective epitopes in the amino terminal in rods and in all types of cones. MAb A9C6, D9F2, and ClOClO labeled blue cones but not greenlred cones. Hence, the respective epitopes of these MAb, which reside in the carboxy half of the SAg molecules, might be different in greenlred and blue cones.
Absence of binding due to masking of epitopes, as a result of protein-protein interactions, or due to undefined alterations in the epitopes, cannot be ruled out. However, because a considerable amount of free, soluble SAg is present in the retinas, there is no reason to assume that masking of epitopes will occur specifically ? . . in greenlred cones. Hence, changes in binding due to differences in primary sequences in greenlred cones should be considered. Alternatively, posttranslational modifications could change the reactivity of the molecule. These interpretations will be evaluated on the premise that, in view of divergent functional characteristics, rods and cones might have different SAg molecules.
There is a major difference in the response of rods and cones to light, since rods, which function in dim light, are much more sensitive than cones (Baylor, 1987) . Therefore, although the basic phototransduction machinery might be the same in rods and cones, differences may exist in the molecular components of the transduction cascade. Indeed, in the human retina four genes encode different photopigments in rods and in blue, green, and red cones (Nathans et al., 1986) . Rod-and cone-specific components of the phototransduction cascade were also identified. The presence of different a-transducin molecules that are specific for rods and cones has been reported (Lerea et al., 1986) . Similarly, different phosphodiesterase molecules were found in rods and cones (Hurwitz et al., 1985) . The specificity for the various types of cones in the human retina with regard to a-transducin was recently investigated The designation of each MAb and the amino acid sequence of the relevant cpitope arc specified. The list of MAb is arranged in accordance with distance from the amino terminal.
The presence ( + ) or absence ( -) of labeling of rods (R) . blue cones (B-C), and greedred cones (GIR-C) is indicated.
with polyclonal antibodies. These antibodies reacted with all cone types. However, Southern blotting analysis of the genomic DNA suggests that there is more than one cone a-transducin gene (Lerea et al., 1989) . Therefore, the possibility was raised that there are distinct forms of a-transducins, with a high degree of homology, in different cone types so that they share the same peptide sequence used to generate the antibodies that were applied in this study (Lerea et al., 1989) .
Unlike a-transducin, cone-specific SAg has not yet been characterized. Our present immunocytochemical study indicates that in the primate retina there might be blue and greenlred cone-specific SAg with sufficiently different epitopes in the carboxy terminal region to be detected by specific antibodies. The binding of A9C6 and D9F2 to blue cones, as to rods, might point to sequence similarities between rod and blue cone arrestins in the carboxy terminal region. It is noteworthy that in the human retina, green and red cone opsins show a high degree of homology to each other. Both pigments share, however, a lower degree of homology with rod and blue cone opsins (Nathans et al., 1986) .
The presence of common epitopes in the amino terminal of SAg in rods and cones, and the diversity in the carboxy half of the molecule, are in line with the observation that the amino terminal is highly conserved in SAg from different species, whereas diversity is found in the carboxy half of the molecule. Recently, an arrestinlike molecule, p-arrestin, was found to regulate the P-adrenergic receptor function by inactivation of the phosphorylated receptor.
The deduced amino acid sequence of p-arrestin shares 59% homology with bovine arrestin and 75% identity when conservative substitution is accounted for (Lohse et al., 1990) . Interestingly, when amino acid sequences in the regions of the epitopes of the MAb that were used in the present study were compared, the epitopes for MAb 5C6.47 and F4C1 were identical in p-arrestin and retinal (EAU) in experimental animals (Wacker et al., 1977) , which is a model for human inflammatory disease of the eye. Uveitopathogenic sequences were localized to the carboxy half of the SAg molecule. Regions that are recognized by MAb A9C6 and ClOClO were found to be associated with pathogenesis of EAU (Knospe et al., 1988; Donoso et al., 1986) . In view of the absence of labeling of greenlred cones by these antibodies, it will be interesting to determine whether SAg molecules in these cones precipitate autoimmune uveitis.
In conclusion, the present study demonstrated the presence of SAg in cones as well as rods in a primate retina. The SAg in green and red cones might be different from those in blue cones and rods. As the different epitopes in rods, blue and greenlred cones were localized to the carboxy half of the SAg molecule, it is apparent that they can be detected only by antibodies directed against this domain. Hence, the conflicting reports in the literature as to the labeling of cones with various anti-SAg antibodies are probably a reflection of the species under study and the epitopes of the antibodies that were applied in the different studies.
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